Since the status of the taxonomy of the oral fusobacteria is somewhat confused, this investigation was undertaken as an attempt to correlate biochemical, morphological, and cultural characteristics for the purpose of differentiating species of this group.
MATERIALS AND METHODS
Fifteen of the twenty-six strains of fusobacteria used in this study were human subjects on the fusobacterium medium, containing soluble starch, described by Omata and Disraely (1956) . The remaining 11 strains were isolated from diseased and normal oral specimens employing the potato extract-crystal violet medium of Slanetz and Rettger (1933) . After purification the pure cultures were maintained on fluid thioglycolate medium with added powdered calcium carbonate. For cultural and morphological studies, the organisms were grown on fluid thioglycolate medium and on fusobacterium agar medium.
Fermentation studies were made on all twentysix strains in a basal medium with the following composition: Trypticase (BBL), 1 per cent; yeast extract (Difco), 0.5 per cent; L-cystine, 0.02 per cent; and sodium thioglycolate, 0.5 per cent; with the final pH 7.2. Glucose, sucrose, maltose, or lactose was added separately to the sterile medium as sterile solutions to give a final concentration of I per cent carbohydrate. Cultures for testing indole and hydrogen sulfide production were grown in the same trypticaseyeast extract medium with glucose but without sodium thioglycolate.
Eighteen representative strains, including 3 strains tentatively identified as Fusobacterium nucleatum, 3 as F. fusiforme, and 12 as F. polymorphum, were used for the study of acid production from glucose. These strains were grown in the trypticase medium previously described. After incubation and filtration, samples of each of the culture filtrates were tested semiquantitatively for lactic acid by the method of Barker and Summerson (1941 (1950) .
Seven strains of fusobacteria were tested for dehydrogenase activity by a modified Thunberg test, similar to that described by Umbreit et al. (1946) . RESULTS 
AND DISCUSSION
Three of the strains, H-1, A-1, and LIA were identified as F. nucleatum Knorr, or as Group I of Spaulding and Rettger (1937a, b) . These bacteria are spindle-shaped, granular, gramnegative rods, which usually measure 0.5 by 4 to 6 ,u in size and occur singly and in pairs. The colonies are usually smooth, butyrous, and lensshaped with fine veinlike markings when observed on the fusobacterium medium. All strains produced indole and hydrogen sulfide and fermented glucose, with a terminal pH of 6.0 or slightly below, producing acetic, butyric, and lactic acids. They did not ferment maltose or lactose. Sucrose was fermented to a slight degree by only one strain.
Twenty of the strains corresponded to F. polymorphum Knorr. These strains formed cells measuring 0.5 to 8 by 15 ,u, and usually occurred in pairs. The individual cells appeared to be slightly longer than those of F. nucleatuim and all strains showed a greater tendency to form long filaments. The colonies were usually iridescent, convex, lens-shaped, smooth, occasionally granular; often the subsurface colonies had a diffuse halo-like appearance surrounding the lenticular colonies on the fusobacteriuni medium. Very often the surface colonies had fine veinlike markings and occasionally certain colonies had lobate edges. The majority of the colonies were very similar to those of F. nucleatum. All strains produced hydrogen sulfide and indole except one which showed doubtful production of indole.
All 20 strains of F. polymorphumn fermented glucose (terminal pH of 5.7 to 6.0), whereas four strains fermented sucrose slightly. None produced acid in maltose or lactose broth. Twelve strains fermented glucose to produce acetic, butyric, and lactic acids. The other 8 were not tested. This species is biochemically similar to F. nucleatum, but showed some morphological differences, as described above.
Three of the strains, B-2, C-88, and 0-2, were identifiable as F. fusiforme (Veillon and Zuber) Hoffman or F. plauti-vincentii Knorr The findings of the present study agree with those of earlier investigators (Spaulding and Rettger, 1937a, b; Hine and Berry, 1937; and Jackins and Barker, 1951) B0e, 1941) . Present knowledge, based on the investigations of Spaulding and Rettger (1937a, b) , B0e (1941) , Jackins and Barker (1951) and the present study, leads to the opinion that these two species should be combined as F. nucleatum, as suggested by Jackins and Barker. It is evident from the above studies that F. nucleatum Knorr and F. polymorphum Knorr are widely different from F. fusiforme, which does not produce indole or hydrogen sulfide and does not produce butyric acid. The similarities of the two groups of organisms are in their anaerobic nature and in their general fusiform appearance. Due to their divergent biochemical characteristics, it is questionable whether F. fusiforme should remain in the genus Fusobacterium.
The biochemical and morphological characteristics of F. fusiforme (Breed, Murray, and Smith, 1957) , conform to the descriptions of the oral filamentous bacterium, Leptotrichia buccalis Trevisan, as described by other investigators, (Thj0tta, Hartman, and B0e 1939; B0e, 1941; Hamilton and Zahler, 1957; Richardson and Jones, 1958; Baird-Parker and Davis, 1958; and Davis and Baird-Parker, 1959 The above descriptions do not correspond to the L. buccalis described by Bibby and Berry (1939) and Howell and Rogosa (1958) ; the oral filamentous bacteria of Gilmour and Hunter (1958) and of Richardson and Schmidt (1959) and the L. dentium of Davis and Baird-Parker (1959) . These are morphologically and biochemically different from the L. buccalis and F. fusiforme studied by Thj0tta et al. (1939 Thj0tta et al. ( ), B0e (1941 , and others.
The findings in the present study substantiate the conclusions of B0e (1941) and the implied conclusions of Jackins and Barker (1951) , that at least some strains of F. fusiforme which were observed to be gram-positive in young cultures, are biochemically related to, or actually belong in, the genus Leptotrichia. Available information on these two organisms indicates that they are essentially identical and should be designated as L. buccalis Trevisan, 1879, and classified in the Lactobacillaceae.
SUMMARY
Biochemical and cultural studies were made on strains which represent the three previously described species of the members of the genus Fusobacterium. It has been found that Fusobacterium nucleatum Knorr and Fusobacterium polymorphum Knorr have biochemical and cultural properties in common, fermenting glucose to produce lactic, acetic, and butyric acids, and producing hydrogen sulfide and indole. Colonial characteristics of both show similarities, whereas cellular morphology showed some minor differences. Evidence indicates that Fusobacterium nucleatum and Fusobacterium polymorphum could be combined as one species.
Unlike these two species, all strains of Fusobacterium fusiforme studied ferment maltose and sucrose in addition to glucose, which is decomposed to form lactic and acetic acids only. This species does not produce indole or hydrogen sulfide. In addition, it is morphologically different from the other fusiform bacilli. Owing to their close relationships, Fusobacterium fusiforme should be classified as Leptotrichia buccalis Trevisan.
